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SPECIFICATION 

Method for separating/recovering oxygen rich air from air, its apparatus and 

gas separation membrane module 

Technical Field 

This invention relates to a method for efficiently separating and 
recovering oxygen-rich air from the air using a spiral type gas separation 
membrane module where a flat-film gas separation membrane is wound 
around a core tube. It also relates to a gas separation membrane module 
having a convenient structure which is suitable for separating and recovering 
oxygen-rich air from the air. 

Background Art 

A spiral type gas separation membrane module in which a flat-film 
gas separation membrane is wound around a core tube generally has a 
configuration where a permeate-side spacer for forming a permeate gas 
channel is sandwiched between flat-film gas separation membranes, which 
are adhered to the core tube such that the permeate gas channel 
communicates with a hollow section in the core tube and are wound around 
the core tube together with a feed-side spacer for forming a feed gas channel. 

Such a spiral type gas separation membrane module has a simple 
structure and can be easily manufactured, but gives a low concentration of a 
separated/recovered gas because of a lower separation efficiency in 
comparison with a hollow fiber type gas separation membrane module. It has 
not been, thus, necessarily preferentially used in practice. 
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Japanese laid-open patent publication No. 6 262026 has disclosed 
that in a spiral type gas separation membrane module for separating the air, 
a permeate gas channel is gradually made thicker from the initiation to the 
end of winding in order to prevent performance deterioration due to a 
pressure loss. However, this separation membrane module is provided for 
separating and recovering highly enriched nitrogen by feeding a pressurized 
air. The publication has not disclosed a method for separating and recovering 
oxygen-rich air from the air where a feed side is substantially at atmospheric 
pressure while a permeate side is under reduced pressure. 

Separation and recovery of oxygen-rich air from the air using a gas 
separation membrane module inevitably involves discharge of nitrogen-rich 
air. In a method where a pressurized air is fed to a gas separation membrane 
module, oxygen-rich air at substantially atmospheric pressure is obtained in a 
permeate side while nitrogen-rich air under high pressure is obtained in a 
nonpermeate side. That is, in the method of feeding pressurized air, 
nitrogen-rich air which is resultantly co-produced must be compressed as a 
feed air. Nitrogen is contained about four times as much as oxygen in the air. 
Therefore, in the light of an energy for compressing the nitrogen-containing 
feed air, the method of feeding pressurized air is energetically considerably 
inefficient and disadvantageous. Furthermore, for applying pressure to the 
feed side in the spiral type gas separation membrane module, the separation 
membrane module must be placed in a pressure-resistant vessel having 
nozzles of a feed side, a non-permeate side and a permeate side, or 
alternatively at least the outermost part of the separation membrane module 
must be of an adequately pressure-resistant structure or member. In addition, 
pressure regulating means such as a valve must be disposed at a given 
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position in a gas channel for maintaining a feed-side pressure. Thus, the 
method requires extra components and/or structures. 
List of References 

Patent document 1- Japanese laid-open patent publication No. 
6-262026 

Disclosure of Invention 

Problems to be Solved by the Invention 

An objective of the present invention is to provide a method for 
efficiently separating and recovering oxygen-rich air from the air using a 
spiral type gas separating membrane module and a spiral type gas separation 
membrane module which can be suitably used for the method for efficiently 
separating and recovering oxygen-rich air from the air. 

Means for Solving the Problems 
The present invention provides a method for separating and 
recovering oxygen-rich air from the air, comprising- 

providing a gas separation membrane module where 

(i) a laminate comprising a permeate-side spacer for forming a 
permeate gas channel communicated with a hollow section in a 
core tube for collecting and discharging a permeate gas and two 
flat-film gas separation membranes sandwiching the spacer and 

(ii) a feed-side spacer for forming a feed gas channel 

are spirally wound around the core tube such that the laminate and 
the feed-side spacer are alternately superimposed, 
vacuuming the hollow section of the core tube to 95 kPaA or less by 
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vacuuming means while feeding the air into the feed gas channel by air feed 
means such that a maximum feed-air flow rate and a maximum static 
pressure divided by an effective membrane area of the gas separation 
membrane are 100 m 3 /min m 2 or less and 4000 Pa/m 2 or less, respectively, to 
separate and recover oxygen-rich air from the hollow section of the core tube. 

The gas separation membrane module preferably has a plurality of 
laminates; each of the laminates comprising a permeate-side spacer for 
forming a permeate gas channel communicated with a hollow section in a core 
tube for collecting and discharging a permeate gas and two flat-film gas 
separation membranes sandwiching the spacer; and the laminates being 
spirally wound around the core tube together with a feed-side spacer for 
forming a feed gas channel such that the laminate and the feed-side spacer 
are alternately superimposed. 

In the gas separation membrane module, a thickness ratio of the 
permeate-side spacer to the feed-side spacer is preferably 1-2 to 1-10. 

The present invention also provides a gas separation membrane 
module having a plurality of laminates; each of the laminates comprising a 
permeate-side spacer for forming a permeate gas channel communicated with 
a hollow section in a core tube for collecting and discharging a permeate gas 
and two flat-film gas separation membranes sandwiching the spacer; wherein 
the laminates are spirally wound around the core tube together with a 
feed-side spacer for forming a feed gas channel such that the laminate and the 
feed-side spacer are alternately superimposed, wherein a thickness ratio of 
the permeate-side spacer to the feed-side spacer is 1-2 to 1-10, and wherein 
the module is used for separating and recovering oxygen-rich air from a 
hollow section by vacuuming the hollow section while feeding the air to a feed 
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gas channel. 

Effect of the Invention 

According to the present invention, a simple spiral type gas 
separation membrane module can be used to efficiently separate and recover 
oxygen-rich air from the air. 

Brief Description of the Drawings 

FIG. 1 is a schematic cross-sectional development of an example of a 
gas separating membrane module according to the present invention. 

FIG. 2 is a schematic plan view of the cross-sectional development in 

FIG. 1. 

FIG. 3 schematically illustrates a specific example of a method for 
separating and recovering oxygen-rich air from the air using a separation 
membrane module of the present invention. 

In the drawings, the symbols have the following meanings; 1- core 
tube, 2- permeate-side spacer, 3: flat-film gas separation membrane, 4, 4'* 
laminate having a permeate-side spacer sandwiched between two flat-film 
gas separation membrane, 5, 5'- adhesive, 6, 6'- feed-side spacer (in the 
drawings, two spacers are shown), 7- outer film, 10- separation membrane 
module, 11- fan, 12: cover (case), 13: vacuum pump, 14: pressure gauge, and 
15: buffer tank. 

Best Mode for Carrying Out the Invention 

After our intense investigation on a method for separating and 
recovering oxygen-rich air from the air using a spiral type separation 
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membrane module having a simple structure, the present invention has been 
achieved on the basis of our observation that oxygen-rich air can be 
considerably efficiently separated and recovered by feeding the air at 
substantially atmospheric pressure and at a given feed-air flow rate per an 
effective membrane area to a spiral type gas separation membrane module 
while vacuuming permeate side of the gas separation membrane to a given 
pressure. 

A gas separation membrane module used in this invention is of a 
spiral type. Specifically, it has a configuration that a laminate consisting of a 
permeate-side spacer for forming a permeate gas channel communicated with 
a hollow section in a core tube for collecting and discharging a permeate gas 
and two flat-film gas separation membranes sandwiching the spacer and a 
feed-side spacer for forming a feed gas channel are spirally wound around the 
core tube such that the laminate and the feed-side spacer are alternately 
superimposed. 

FIG. 1 shows a schematic cross-section when an example of a gas 
separation membrane module of the present invention is developed. A core 
tube 1 has a hollow section and serves to collect a permeate gas and discharge 
the gas outside of the module. Laminates 4,4' having a permeate-side spacer 
2 sandwiched between two flat-film gas separation membranes 3 extend in 
both sides of the core tube. Inside of each of the laminates 4,4', the 
permeate side spacer 2 forms a permeate gas channel which is communicated 
with the hollow section in the core tube 1. The permeate gas channel formed 
by the permeate-side spacer 2 in the laminates 4,4' is sealed at the peripheral 
edges of the laminate 4,4' by adhesives 5,5' and isolated from the outer space 
by the flat-film gas separation membrane 3 except an opening communicated 
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with the hollow section in the core tube 1. Feed-side spacers 6,6' which form a 
feed gas channel are disposed on these laminates 4,4' as shown in FIG. 1, and 
these are spirally wound around the core tube 1 such that they are alternately 
superimposed. The winding direction is indicated by an arrow in FIG. 1. An 
outer film 7 that is substantially gas-impermeable is wound over the 
outermost layer of the winding. The feed-side spacers 6,6' are fixed by the 
laminates 4,4' and the outer film 7 except the ends in the longitudinal 
direction of the core tube 1. As a result, the feed gas channel is opened only 
around the ends in the longitudinal direction of the core tube 1 and the 
permeate gas channel is communicated with the hollow section in the core 
tube 1, and these channels form mutually isolated spaces across the flat-film 
gas separation membrane 3. FIG. 2 is a schematic plan view of the 
cross- section of FIG. 1. 

In the method and the apparatus of the present invention, the air is 
fed to the feed gas channel from one of the openings at the ends of the feed gas 
channel in the longitudinal direction of the core tube and discharged from the 
other opening. Flowing through the feed gas channel, the air is in contact 
with the separation membrane, during which oxygen gas in the air selectively 
permeates the gas separation membrane by a pressure difference between the 
feed and the permeate sides. Thus, oxygen-rich air with a higher 
concentration of oxygen which has selectively permeated flows through the 
permeate gas channel, enters the hollow section in the core tube and then is 
discharged outside of the module. 

In this invention, the air can be fed to the feed gas channel using a 
simple air blower such as a fan rather than a pressurized air by a compressor 
as in the prior art. Air feeding means has a capacity such that the maximum 
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feed-air flow rate per an effective membrane area (hereinafter, optionally 
simply referred to as M a membrane area") of the gas separation membrane is 
100 m 3 /minm 2 or less, preferably 10 m 3 /min m 2 or less, particularly 
preferably 4 m 3 /min m 2 or less while the maximum static pressure of the air 
feeding means per an effective membrane area of the gas separation 
membrane is 4000 Pa/m 2 or less, preferably 600 Pa/m 2 or less, particularly 
preferably 150 Pa/m 2 or less. That is, since the air is fed into the feed gas 
channel (feed- side spacer) by such air feeding means with a relatively lower 
air-feeding capacity, air pressure within the feed gas channel at operation is 
substantially atmospheric pressure. Therefore, in the feed-side spacer 
constituting the feed gas channel, a pressure loss must be so small that such 
air feeding means can feed the air. Specifically, a pressure loss in the feed gas 
channel per a membrane area must be less than 4000 Pa/m 2 , preferably less 
than 600 Pa/m 2 , more preferably 150 Pa/m 2 or less. 

It is energetically disadvantageous and undesirable to use air feeding 
means in which the maximum feed-air flow rate per an effective membrane 
area of the gas separation membrane is more than 100 m 3 /minm 2 and the 
maximum static pressure per an effective membrane area is more than 4000 
Pa/m 2 , because a machine with a lower air-feeding power such as a fan and a 
blower cannot meet the requirements and thus a machine with a high power 
such as a compressor must be used. 

On the other hand, the air must be fed at a predetermined feed-air 
flow rate for preventing an oxygen partial pressure from being lowered on the 
separation membrane surface. Preferably, the air is fed at such a feed-air 
flow rate that an oxygen concentration in the discharged air from the feed 
side is maintained at more than 1 % . 
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The air feeding means may be any of those in which the maximum 
static pressure is within the above range without particular restrictions, 
suitably including a fan and a blower. These can feed the air at substantially 
atmospheric pressure. In this invention, the air feeding means may be of a 
suction or compression type. 

On the other hand, in the permeate side, the hollow section in the core 
tube can be vacuumed by vacuuming means to 95 kPaA or less, particularly 
60 kPaA or less, to separate and recover oxygen-rich air from the hollow 
section in the core tube. If an ultimate pressure as an indicator of a capacity 
of the vacuuming means is lower, the more effective oxygen enrichment is 
attained. However, for avoiding scale-up of the vacuuming means, the 
ultimate pressure may be, for example, 20 PaA or higher, and for example, 
even 35 PaA or higher is adequate. There are no restrictions to the type of 
vacuuming means as long as it can perform vacuuming to a given pressure! 
common vacuum pumps can be suitably used. When using a vacuum pump, 
oxygen-rich air is recovered from an outlet of the vacuum pump. 

As described above, for recovering oxygen-rich air from the air by a 
pressure difference between the feed and the permeate sides in the gas 
separation membrane module which oxygen can selectively permeate, a 
method of feeding pressurized air is energetically considerably inefficient and 
disadvantageous because resultantly co-produced nitrogen-rich air is also 
compressed as a feed air. Furthermore, for applying pressure to the feed side 
in the spiral type gas separation membrane module, the separation 
membrane module must be placed in a pressure-resistant vessel having 
nozzles of a feed side, a non-permeate side and a permeate side, or 
alternatively at least the outermost part of the separation membrane module 
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must be of an adequately pressure-resistant structure or member, and 
additionally, pressure regulating means such as a valve must be disposed at a 
given position in a gas channel for maintaining a feed-side pressure. Thus, 
the method requires extra components and/or structures. 

In contrast, the method of the present invention where the air is fed to 
the feed side at substantially atmospheric pressure while vacuuming the 
permeate side is energetically extremely effective and advantageous because 
only desired oxygen-rich air can be vacuumed. Furthermore, it can eliminate 
the necessity of placing the separation membrane module in a 
pressure-resistant vessel having nozzles of a feed side, a non-permeate side 
and a permeate side, or of using an adequately pressure-resistant structure or 
member for the outermost part of the separation membrane module and thus 
of disposing pressure regulating means such as a valve at a given position in a 
gas channel for maintaining a feed-side pressure. It, therefore, allows the 
spiral type separation membrane module to be of a very convenient and 
simple structure. 

In the method where the convenient spiral type separation membrane 
module is used to feed the air at substantially atmospheric pressure to the 
feed side while vacuuming the permeate side, it is extremely important to 
reduce a resistance of the feed gas channel in the gas separation membrane 
module where the air fed at substantially atmospheric pressure flows, for 
improving a separation efficiency. Of course, since a separation efficiently can 
be improved when the permeate side is more largely vacuumed, a structure 
where a resistance of the permeate gas channel is smaller is desirable. 

In the method and the apparatus of the prevent invention, it is 
preferable to use a gas separation membrane module having a plurality of 
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laminates, preferably about 2 to 8 laminates, particularly 2 to 4 laminates, 
wherein each of the laminates includes a permeate-side spacer for forming a 
permeate gas channel communicated with a hollow section in a core tube for 
collecting and discharging a permeate gas and two flat-film gas separation 
membranes sandwiching the spacer, and wherein the laminates are spirally 
wound around the core tubes together with a feed-side spacers for forming 
feed gas channel such that the laminates and the feed-side spacers are 
alternately superimposed. In the configuration having a plurality of 
laminates, a separation efficiency is higher than that having one laminate 
with the same effective membrane area. When winding with one laminate, a 
permeate gas channel in the laminate may be relatively longer and a pressure 
loss of the channel is higher, when vacuumed, which leads to reduction in a 
separation efficiency. 

Furthermore, a thickness ratio of the permeate-side spacer to the 
feed-side spacer in a gas separation membrane module used is preferably 1-2 
to 1:10, particularly preferably 1-3 to 1:9, further preferably 1:4 to 1'7 for 
improving a separation efficiency. The thicknesses of these spacers define the 
size of a space of the permeate gas channel and that of the feed gas channel. 
Therefore, in this invention, a space in the feed gas channel where the air 
flows at substantially atmospheric pressure is 2 to 10 times, particularly 3 to 
9 times, further 4 to 7 times as large as a space in the permeate gas channel 
which is vacuumed. If the feed-side spacer has a thickness of less than 
two-fold of a thickness of the permeate-side spacer, a separation efficiency is 
not easily improved. If a thickness of the feed-side spacer is larger than 
10-fold of a thickness of the permeate-side spacer, a separation efficiency is 
improved, but is saturated and is not correspondingly improved, and the 
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separation membrane module becomes large, which reduces compactness. A 
spacer "thickness" as used herein refers to a space size of the channels as 
described above. Thus, when using two feed-side spacers as illustrated in FIG. 
1, a spacer thickness is the total thickness of two spacers. In the light of a 
pressure loss and the like, a thickness of the feed-side spacer itself is 
important, and is for example 0.6 mm or more, preferably 0.9 mm or more, 
more preferably 1.2 mm or more. In the light of compactness and easiness of 
forming a module by spirally winding a laminate consisting of, for example, a 
separation membrane, a permeate-side spacer and a feed-side spacer, the 
thickness is preferably 10 mm or less, more preferably 5 mm or less, 
particularly preferably 3 mm or less. 

A separation membrane module of the present invention is a 
separation membrane module particularly suitably used for a method for 
separating and recovering oxygen-rich air from the air as described above. 
The separation module has a plurality of laminates, each of which comprises a 
permeate-side spacer for forming a permeate gas channel communicated with 
a hollow section in a core tube for collecting and discharging a permeate gas 
and two flat-film gas separation membranes sandwiching the spacer, and the 
laminates are spirally wound around the core tube together with a feed* side 
spacer for forming a feed gas channel such that the laminate and the feed-side 
spacer are alternately superimposed, wherein a thickness ratio of the 
permeate side spacer to the feed-side spacer is 1-2 to 1^10. 

Although there are no particular restrictions to a gas separation 
membrane as long as it is a flat-film membrane which oxygen gas can 
selectively permeate in comparison with nitrogen gas, it is preferable that an 
oxygen gas permeation rate at 25 °C is 1x10 4 cm 3 (STP)/cm 2 sec cmHg or 
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more and a permeation rate ratio of oxygen gas/nitrogen gas (P'o2/P'n2) is 1.5 
or more. A suitable example may be an asymmetric composite separation 
membrane manufactured by laminating a porous layer made of polymers such 
as polyetherimide and polyvinylidene fluoride and a separating layer made of 
a silicone rubber on an unwoven fabric substrate made of a polymer such as 
polyethylene terephthalate and cellulose. 

The core tube has a hollow section, an opening for communicating the 
hollow section with a permeate gas channel and an opening for discharging a 
permeate gas from the hollow section. The opening for communicating the 
hollow section with the permeate gas channel may be a groove or a plurality of 
aligned holes. There are no particular restrictions to the opening for 
discharging a permeate gas from the hollow section, but it is generally one or 
both of the open ends of the core tube. The core tube must have strength to a 
certain extent because it serves as a core rod in spirally winding a separation 
membrane, a permeate-side spacer, and a feed-side spacer. Thus, it is 
suitably made of a polymer or metal. It is suitably, but not limited to, 
cylindrical. 

The feed-side spacer and the permeate-side spacer are used for 
forming the feed gas channel and the permeate gas channel as a space. They 
may be, without limitations, any of those which provide a space having a 
certain thickness through which a gas can flow when their spacers are 
sandwiched by membranes. They may be, for example, suitably selected from 
meshes of a polymer such as polyolefins, polyesters and Nylons and porous 
materials having penetration holes. For avoiding a pressure loss, sizes of a 
mesh opening and of a penetration hole are preferably as large as possible 
within a range where their shape can be maintained; for example, suitably, a 
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fabric or textile mesh formed using threads having a wire diameter of about 
0.02 to 3 mm. 

The outer film is disposed on the outermost surface of the spiral 
winding for separating the inner part from the outer part, and may be, for 
example, polyethylene, polypropylene, polyesters or Nylons with a thickness 
of about 0.1 to 3 mm through which gases are substantially impermeable. It 
is particularly preferably a film having an adhesive in one side. Alternatively, 
a cylindrical film may be used such that it covers the outermost surface of the 
spiral winding. In the gas separation membrane module of the present 
invention, an adhesive is used for sealing the periphery of the laminate. It 
may be suitably selected from, for example, polyurethane and epoxy resin 
adhesives. 

Next, specific examples of separation and recovery of oxygen-rich air 
from the air will be more specifically described with reference to the 
schematic view in FIG. 3. 

In FIG. 3, a fan 11 and a cover (case) 12 are disposed at one end of the 
separation membrane module 10 in the longitudinal direction and the air is 
sucked in the direction of the solid-line arrow. The sucking rate is 
preliminarily determined, and the air is fed from the opening of the feed gas 
channel at the end opposite to the end where the fan 11 is connected in the 
separation membrane module 10, at such a rate that a feed-air flow rate per 
an effective membrane area in the separation membrane module 10 is 100 
m 3 /min m 2 or less and a static pressure per an effective membrane area is 
4000 Pa/m 2 or less. The end of the core tube 1 in the side where the fan 11 is 
disposed in the separation membrane module 10 is sealed. The end of the core 
tube 1 opposite to the end where the fan 11 is disposed in the separation 
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membrane module 10 is connected to a vacuum pump 13 and a vacuum level 
is determined by a pressure gauge 14. From the outlet of the vacuum pump 
13, oxygen-rich air is discharged in the direction of the broken-line arrow and 
separated and recovered, if necessary, via a buffer tank 15. 

EXAMPLES 

This invention will be more specifically described with reference to 
Examples. It will be, however, appreciated that this invention is not limited 
to these examples. 

Reference Example 1 

The following parts and materials were provided" an asymmetric 
composite separation membrane as a flat-film gas separation membrane with 
a thickness of 0.15 mm consisting of a polyethylene terephthalate unwoven 
fabric (substrate) coated by a porous polyetherimide film and then a silicone 
rubber separation layer having 8 X 10' 4 cm 3 (STP)/cm 2 seccmHg of an oxygen 
gas permeation rate at 25 °C and 1.8 of a permeation rate ratio of oxygen to 
nitrogen as an indicator of separation performance; a preformed polyethylene 
mesh with a thickness of 0.5 mm (one sheet) as a feed-side spacer; a 
preformed polyethylene terephthalate mesh with a thickness of 0.5 mm as a 
permeate-side spacer; an ABS resin cylinder as a core tube with a length of 
298 mm and an outer diameter of 17.2 mm having a hollow section inside with 
an inner diameter of 9.5 mm whose one end was sealed and another end was 
opened, and having 12 holes with inner diameter of 2.85mm that 
communicate the hollow section to the outside; and a polyethylene film with a 
thickness of 1.5 mm as an outer film which contained an adhesive in one side. 
The permeate-side spacer was sandwiched between the flat-film gas 
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separation membranes to obtain a set of laminate (one laminate with a width 
of 264 mm, a length from the core tube of 650 mm and a total film length (the 
front and the back together) of 1300 mm). The end portion of the laminate 
was attached to the core tube such that the permeate gas channel was 
communicated with the hollow section in the core tube, and the feed-side 
spacer was spirally wound around the core tube such that they are alternately 
superimposed, to form a spiral type separation membrane module with an 
effective membrane area of 0.2 m 2 . 

The separation membrane module was used as shown in FIG, 3 to 
separate and recover oxygen-rich air. A fan used had a capacity of a 
maximum feed-air flow rate of 0.9 m 3 /min and a maximum static pressure of 
25 Pa. A vacuum pump used had an evacuation speed of 14 L/min and an 
ultimate pressure of 24 kPaA. A buffer tank used was a cylindrical tank with 
an internal diameter of 42 mm and a length of 440 mm. With this system, a 
flow rate and an oxygen concentration of oxygen-rich air discharged through 
the buffer tank were determined. A flow rate was measured by a floating flow 
meter and an oxygen concentration was measured by a zirconia type oxygen 
analyzer. 

The results are shown in Table 1. In this example, a thickness ratio of 
the permeate-side spacer to the feed-side spacer was 1*1 and an oxygen 
concentration in the recovered gas was 21 %. That is, oxygen-rich air was not 
obtained. Oxygen enrichment was not achieved probably because a small 
thickness of the feed-side spacer led to a large pressure loss and the actual 
air-feed flow rate was small. 

Example 1 

Oxygen-rich air was separated and recovered as described in 
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Reference Example 1, except that a preformed polyethylene mesh with a 
thickness of 1.5 mm was used as a feed-side spacer. The results are shown in 
Table 1. A thickness ratio of the permeate-side spacer to the feed-side spacer 
was 1*3, and an oxygen concentration in the recovered gas was 24 %. That is, 
oxygen-rich air was efficiently obtained. 
Example 2 

Oxygen-rich air was separated and recovered as described in Example 
1, using two laminates formed by sandwiching the permeate-side spacer 
between the flat-film gas separation membranes (two laminates with a width 
of 264 mm, a length from the core tube of 325 mm and a total film length (the 
front and the back together) of 650 mm). The results are shown in Table 1. A 
thickness ratio of the permeate-side spacer to the feed-side spacer was 1-3 and 
two laminates were used, and an oxygen concentration in the recovered gas 
was 25 %. That is, oxygen-rich air was obtained more efficiently than 
Example 1. 

Reference Example 2 

The following parts and materials were provided- an asymmetric 
composite separation membrane as a flat-film gas separation membrane with 
a thickness of 0.15 mm consisting of a polyethylene terephthalate unwoven 
fabric (substrate) coated by a porous polyetherimide film and then a silicone 
rubber separation having 8 X 10' 4 cm 3 (STP)/cm 2 sec cmHg of an oxygen gas 
permeation rate at 25 °C and 1.8 of a permeation rate ratio of oxygen to 
nitrogen as an indicator of separation performance; a preformed polyethylene 
mesh with a thickness of 0.5 mm as a feed-side spacer; a preformed 
polyethylene terephthalate mesh with a thickness of 0.5 mm as a 
permeate-side spacer; an ABS resin cylinder as a core tube with a length of 
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298 mm and an outer diameter of 17.2 mm having a hollow section inside with 
an inner diameter of 9.5 mm whose one end was sealed and another end was 
opened, and having 12 holes with inner diameter of 2.85 mm that 
communicate the hollow section to the outside? and a polyethylene film with a 
thickness of 1.5 mm as an outer film which contained an adhesive in one side. 
The permeate-side spacers were sandwiched between the flat-film gas 
separation membranes to obtain two set of laminates (two laminates with a 
width of 264 mm, a length from the core tube of 425 mm and a total film 
length (the front and the back together) of 850 mm). The end portions of the 
laminate were attached to the core tube such that the permeate gas channels 
were communicated with the hollow section in the core tube, and the feed-side 
spacers were spirally wound around the core tube such that they are 
alternately superimposed, to form a spiral type separation membrane module 
with an effective membrane area of 0.3 m 2 . 

Using this separation membrane module, oxygen-rich air was 
separated and recovered as described in Reference Example 1. The results 
are shown in Table 1. In this example, a thickness ratio of the permeate-side 
spacer to the feed-side spacer was 1-1. An oxygen concentration in the 
recovered gas was 21 %. That is, oxygen-rich air was not obtained. Oxygen 
enrichment was not achieved probably because a small thickness of the 
feed-side spacer led to a large pressure loss and the actual air feed flow rate is 
small. 

Example 3 

Oxygen-rich air was separated and recovered as described in 
Reference Example 1, except that two sheets in piles of preformed 
polyethylene mesh with a thickness of 1.5 mm are used as the feed-side 
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spacers. The results are shown in Table 1. A thickness ratio of the 
permeate-side spacer to the feed-side spacer was 1:6. An oxygen 
concentration in the recovered gas was 26 %. That is, oxygen-rich air was 
efficiently obtained. 
Example 4 

Oxygen-rich air was separated and recovered as described in 
Reference Example 1, except that three sheets in piles of preformed 
polyethylene mesh with a thickness of 1.5 mm are used as the feed-side 
spacers. The results are shown in Table 1. A thickness ratio of the 
permeate-side spacer to the feed-side spacer was 1 : 9. An oxygen 
concentration in the recovered gas was 27 %. That is, oxygen-rich air was 
efficiently obtained. 

Example 5 

The following parts and materials were provided: an asymmetric 
composite separation membrane as a flat-film gas separation membrane with 
a thickness of 0.15 mm consisting of a polyethylene terephthalate unwoven 
fabric (substrate) coated by a porous polyetherimide film and then a silicone 
rubber separation layer having 1.6 X 10 3 cm 3 (STP)/cm 2 sec cmHg of an 
oxygen gas permeation rate at 25 °C and 1.8 of a permeation rate ratio of 
oxygen to nitrogen as an indicator of separation performance; a preformed 
polyethylene mesh with a thickness of 2.2 mm as a feed-side spacer; a 
preformed polyethylene terephthalate mesh with a thickness of 1.0 mm as a 
permeate-side spacer; an ABS resin cylinder as a core tube with a length of 
298 mm and an outer diameter of 17.2 mm having a hollow section with an 
inner diameter of 9.5 mm whose one end was sealed and the other end was 
opened, and having 12 holes with an inner diameter of 2.85 mm that 



19 



communicate the hollow section to the outside; and a polyethylene film with a 
thickness of 1.5 mm as an outer film which contained an adhesive in one side. 
The permeate-side spacer was sandwiched between the flat-film gas 
separation membranes to obtain a set of laminate (one laminate with a width 
of 264 mm, a length from the core tube of 425 mm and a total film length (the 
front and the back together) of 830 mm). The end portion of the laminate was 
attached to the core tube such that the permeate gas channel was 
communicated with the hollow section in the core tube, and the feed-side 
spacer was spirally wound around the core tube such that they are alternately 
superimposed, to form a spiral type separation membrane module with an 
effective membrane area of 0.17 m 2 . 

Using this separation membrane module, oxygen-rich air was 
separated and recovered as described in Reference Example 1. The results 
are shown in Table 1. In this example, a thickness ratio of the permeate-side 
spacer to the feed-side spacer was 1-2.2. An oxygen concentration in the 
recovered gas was 26 %. That is, oxygen-rich air was efficiently obtained. 

Example 6 

Oxygen-rich air was separated and recovered as described in 
Reference Example 1, except that the separation membrane module was as 
described in Example 5 and the fan had a capacity of a maximum feed- air flow 
rate of 0.4 m 3 /min and a maximum static pressure of 93 Pa. The results are 
shown in Table 1. An oxygen concentration in the recovered gas was 27 %. 
That is, oxygen-rich air was efficiently obtained. 

Table 1 shows the above results and Table 2 summarizes a power of 
the fan used in each Example. 
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Table 1 





Separation membrane module 






Separation/recovery of 












oxygen-rich air 






Effective 


The number of 


Thickness 


Amount of 


Oxygen 




membrane 


laminates 


ratio of a 


oxygen-rich 


concentration in 




area 
( m 2) 


consisting of 
permeate-side 
spacer and 
separation 
membrane 


permeate-side 
to feed-side 
spacers 


air 
(NL/min) 


oxygen-rich air 
(%) 


Ref.Ex. 1 


0.20 


1 


1 


1 


3.1 


21 


Ex. 1 


0.20 


1 


1 


3 


3.2 


24 


Ex. 2 


0.20 


2 


1 


3 


3.4 


25 


Ref.Ex. 2 


0.30 


2 


1 


1 


4.1 


21 


Ex. 3 


0.30 


2 


1 


6 


4.2 


26 


Ex. 4 


0.30 


2 


1 


9 


4.2 


27 


Ex. 5 


0.17 


1 


1:2.2 


4.6 


26 


Ex. 6 


0.17 


1 


1:2.2 


4.6 


27 



Table 2 





Fan used 




Maximum 
feed- air flow 
rate 
(m 3 /min) 


Maximum static 
pressure 
(Pa) 


Maximum feed-air 
flow rate per an 

effective 
membrane area 
(m 3 /min-m 2 ) 


Maximum static 
pressure per an 
effective membrane 
area 
(Pa/m2) 


Ref.Ex. 1 


0.9 


25 


4.5 


125 


Ex. 1 


0.9 


25 


4.5 


125 


Ex. 2 


0.9 


25 


4.5 


125 


Ref.Ex. 2 


0.9 


25 


3.0 


83 


Ex. 3 


0.9 


25 


3.0 


83 


Ex. 4 


0.9 


25 


3.0 


83 


Ex. 5 


0.9 


25 


5.3 


147 


Ex. 6 


0.4 


93 


2.4 


547 



Industrial Applicability 

According to the present invention, a spiral type separation 
membrane module which has a very convenient structure and can be easily 
manufactured and a convenient fan or vacuum pump can be combined to 
efficiently obtain oxygen-rich air. 
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